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Abstract 
In this paper, a miniature J-T cooler using multicomponent mixtures was developed and tested, in which an oil-lubricated mini-
compressor was used. Experimental tests on the performance of the miniature J-T cooler were carried out with two kinds of 
recuperative heat exchangers. One is a shell-and-tube heat exchanger, and the other is a plate-fin type recuperative heat 
exchanger with whereas a micro-channel configuration fabricated by the wire-electrode cutting method. The former one gave a 
no-load minimum temperature of 140 K, while the later one shows better performance. No-load minimum temperature of 110 K 
and about 4 W cooling capacity at 118 K were achieved with the plate-fin micro J-T cooler. Such miniature J-T coolers driven by 
oil-lubricated mini-compressors show good prospects in many applications.  
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1. Introduction 
The mixed-gases Joule-Thomson (J-T) refrigerator driven by an oil-lubricated compressor has many merits, such 
as high reliability, low cost, high efficiency with optimized design (Alexeev et al., 1999; Bojarski et al., 1998; Gong 
et al., 2004; Luo et al., 1998;). For many applications, the size and weight are crucial factors for the system design. 
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For instance, most low-temperature electronic devices are quite small. So the size requirement of coolers is 
consequently reduced to meet the whole system integration (Little, 1984, 2008). In the study on micro J-T coolers, 
most efforts were made on the design and performance of the micro size recuperative heat exchangers.   
Miniature J-T coolers, especially those operating at open cycle configurations using high-pressure pure nitrogen 
for infrared devices cooling, have already been used for decades. In such J-T coolers, the size of the cold finger is 
quite small with a Linde-Hampson type counter-flow heat exchanger. The feature of the Hampson type heat 
exchanger is the finned helical tube coil twined around the mandrel. The low-pressure refrigerant passes through the 
space between the mandrel and the outer shield tube ideally along the helical fins, while the high pressure stream 
flows through the inner capillary tube. The typical flow passage size of the Hampson type heat exchanger is in the 
sub-millimeter scale ranging from 100 to 1000 ȝm. From recent decades, many studies reported micro J-T coolers 
with MEMS-based recuperative heat exchangers. The research team from University of Twente has made a large 
variety of MEMS-based micro J-T coolers (Lerou et al, 2007, 2008; Derking et al., 2012). The typical size of flow 
passage is almost one order lower than the traditional Hampson coolers in the range of 10 to 100 ȝm, or even 
smaller. Such MEMS-based micro-machined heat exchangers are competitive in the heat exchanger compactness 
compared with the Hampson type one. 
There are also some other methods to develop micro heat exchangers. A micro J-T cooler was developed with 
glass capillary tubes (Lin et al., 2010; Lewis et al., 2012), in which hollow-core glass fibers (ID/OD =75 ȝm/125 
ȝm) were inserted into a glass capillary tube (ID/OD=536 ȝm /617 ȝm). Another glass tube micro J-T cooler was 
reported a little earlier (Holland et al., 1998), who used an inner glass tube (ID/OD =100 ȝm/360 ȝm) inserted in a 
larger glass tube (ID/OD =530 ȝm/670 ȝm). A perforated plate heat exchanger is also a good choice in fabricating 
the micro J-T coolers (Dobak et al., 1997; Luo et al., 1998).  A good summary on this topic was published recently 
(Maytal and Pfotenhauer, 2013). 
With the progress of miniaturization technologies, oil-lubricated mini-compressors are available for individual 
cooling or electronic devices applications. This is an opportunity for the development of a truly miniature closed-
cycle, low cost, long life, cryogenic system for instrumentation and other applications. In this paper, a closed cycle J-
T micro cooler operating with a mixed-refrigerant was developed and tested, which will be discussed below. 
2. System configuration and testing facilities 
Fig. 1 shows the experimental set up of the closed-cycle miniature J-T cooler assembly, including the micro heat 
exchanger unit integrated with the J-T device and evaporator. The photo of the system is shown in Fig. 2. The oil-
lubricated mini compressor used here is a rotary compressor using 24 V DC electric power (Aspen 14-24-000X, 
Aspen Inc. USA). The suction volume of the miniature compressor is 1.4 cm3, which is originally designed for 
R134a refrigerant compression to be used in thermal management of high power electronics (Aspen compressor LLC, 
website). Recently, such kind of miniature compressors also could be found in some other manufacturers. A parallel 
flow aluminum heat exchanger was used as the after cooler with a small 24 V DC fan. A self-made small oil 
separator was built specially for this system. The recuperative heat exchanger coupled with the J-T device and the 
evaporator was enclosed in the vacuum vessel for heat insulation. 
 
Fig. 1. Schematic diagram of the miniature J-T cooler system. 
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Fig. 2. Photo of the experimental set up. 
There are two kinds of micro heat exchangers fabricated and tested with this system. The first one is a tubes-in 
tube heat exchanger with 10 capillary tubes (ID/OD=0.3 mm/0.5 mm) inserted into an 800 mm long copper capillary 
shell (ID/OD =2 mm/3 mm). A capillary tube with inner diameter of 0.3 mm was used as the J-T throttle device. 
Different flow rates and back pressures were reached by using different lengths of the J-T capillary tube. Fig. 3 
shows the shell-and-tube recuperative heat exchanger with J-T capillary tube. The shell-and-tube heat exchanger is 
quite easy to fabricate and inexpensive. The second recuperative heat exchanger is a kind of plate fin heat 
exchanger. With the wire-electrode cutting method, parallel rectangular micro slots were machined in the two sides 
of a stainless steel plate. The flow passages are formed with the shield cover plate by laser welding. Fig. 4 shows the 
core finned-plate machined by wire-electrode cutting. The assembly schematic diagram of the plate-fin heat 
exchanger is shown in Fig. 5. Fig. 6 gives the photo of plate-fin heat exchanger. 
            
Fig. 3. Shell-and-tube recuperator.                                                                Fig. 4. The core finned-plate. 
 
Fig. 5. Schematic of the plate-fin heat exchanger assembly. 
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Fig. 6. The plate-fin heat exchanger 
The height of the fin is 3 mm for the low-pressure passage, while 2.5 mm for the high-pressure passage. The 
width of the fin is 0.3 mm, while the size between two fins is 0.2 mm. There is a transverse slot every 30 mm along 
the heat exchanger to eliminate the axial heat conduction. Near each inlet port, the interval of the transverse slot is 5 
mm to reduce the inlet flow effect and the maldistribution. Compactness is an important parameter when evaluating 
the heat exchangers. The compactness of the shell-and-tube heat exchanger and the plate-fin heat exchanger are 
listed in Table 1. The mixed-refrigerant composed of light hydrocarbons and nitrogen is also listed in Table 1, which 
is optimized for 120 K temperature range (Gong et al., 2004). 
 
Table 1. Features of heat exchangers and mixtures 
Heat Exchanger Area 
(mm2) 
Compactness 
(mm2/mm3) 
Mixture Composition 
(mole %) 
Shell-and-tube 7536 (pH) 
12560 (pL) 
1.33×104 (pH) 
1.33×104 (pL) 
N2 22.78 
   CH4 32.38 
Plate-fin 23925 (pH) 
28275 (pL) 
1.04×104 (pH) 
1.03×104 (pL) 
C2H6 6.8 
   C3H8 20.9 
   iC4H10 17.2 
 
In the cooler performance testing, temperature and pressure are two important parameters. PT100 thermometers 
were used to measure temperatures with calibrated uncertainty of 0.1 K from 52 K to 300 K. Pressure transducers 
(HY133, HuaYu company, China) with 0.2 % FS accuracy were used to measure the operating pressures. The 
uncertainty of pressure is estimated to be 3.5 kPa, which is acceptable for a cooler performance study at pressures 
ranging from 100 to 2200 kPa. The flow rate of the miniature cooler was monitored by a glass floater flowmeter 
with announced uncertainty of 1 %. The heat load on the evaporator was put by an electric heater attached at the 
cold end. The heat load and the input power were measured with a DC power meter with accuracy of 1 %. 
3. Testing results 
With the experimental set up described above, cooling performance was measured for the two heat exchangers. 
For the shell-and-tube micro J-T cooler, clogging was found in the first testing with rapid decreasing of the low-
pressure and the flow rate. After improving the oil separator, a steady minimum temperature without heat load of 
140 K was reached. The cooling-down performance of the operating pressures, flow rate, and the cooling-down 
curve is shown in Fig. 7 A), B) and C), respectively. The operating pressure ratio is around 6.5 in this operation, 
while the electric current of the 24 V DC power source is ranging from 3.5 to 4 A. It shows that for this operating 
condition, the heat transfer area of the micro shell-and-tube heat exchanger is insufficient. No cooling capacity was 
measured in this micro J-T cooler. 
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Extensive measurements were made on the plate-fin micro J-T cooler. The test results are shown in Fig. 8. Fig. 8 
A) shows the operating pressures, whereas Fig. 8 B) shows the flow rate. It can be found that the operating pressures 
for this cooler are quite constant. The pressure ratio is around 8.8, relatively larger than that of the shell-and-tube 
cooler. The high pressure is around 1.7 MPa, while the low pressure is 0.19 MPa. The flow rate is about 0.15 m3/h, 
which is also a little less than that of the shell-and-tube cooler. Fig. 8 C)shows that the cooler takes almost 1 hour to 
reach the lowest temperature of 112 K. The cooling capacity at different temperatures of this plate-fin J-T cooler is 
shown in Fig. 8 D). We got 4 W at 118 K, while the DC electric current at this condition is about 4.5 A. 
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Fig. 7. The shell-and-tube J-T cooler: A) pressures; B) flowrate; C) cooling-down curve. 
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Fig. 8. The plate-fin micro J-T cooler: A) pressures; B) flowrate; C) cooling-down curve; D) cooling capacity. 
From the above results, it can be found that the traditional industry machine method of the wire-electrode cutting 
is effective in fabricating such a miniature plate-fin heat exchanger. For its large scale industry applications, the cost 
of the wire-electrode cutting fabrication method is much lower, and its availability is much better than those of 
MEMS fabrication methods. The heat capacity of the plate-fin cooler is larger than that of the shell-and-tube J-T 
cooler. So it can be found from Fig. 8 C) that the cooling down speed is a little lower than that of the shell-and-tube 
J-T cooler. But the shell-and-tube cooler is hard to get to a compact total size compared to the plate-fin micro cooler.  
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  The miniature compressor used in this work is a kind of rotary piston compressor. This kind of compressor is 
not suitable for operation at large compression ratios. There are also some mini reciprocating compressors available 
now with about double or triple volume compared with the mini rotary compressor used in this work, which can also 
be used in some applications in which the size and weight are not key factors, e.g. mini low-temperature chambers 
for transportation. 
4. Summary 
In this work, a miniature mixed-refrigerant J-T cooler testing set up was built, in which a mini oil-lubricated 
rotary compressor was used. Two micro J-T coolers were designed and tested. The first one is a shell-and-tube J-T 
cooler reaching the lowest temperature of 140 K. The second one is a plate-fin J-T cooler fabricated by the wire-
electrode cutting method. For the plate-fin J-T cooler, the lowest temperature without heat load temperature of 112 
K, and 4 W at 118 K were obtained. The results obtained in this work indicate that the miniature mixed-refrigerant 
J-T cooler for cryogenic temperature applications can be driven by commercialized mini compressors with good 
prospects. 
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